The changes of protein kinases (PKs) in the nuclear matrix of HL-60 cells during the differentiation by retinoic acid (RA) were examined by in situ assay after sodium dodecyl sulfate-polyacrylamide gel electrophoresis. In the nuclear matrix of HL-60, at least seven species of PKs (83, 63, 58, 46, 42, 38, and 31 kDa) were always detected. Among these PKs, 63 kDa PK was increased dramatically during differentiation by RA. Two-dimensional electrophoresis revealed that two species of 63 kDa PKs (pI 5.0 and 5.4) were presented in the nuclear matrix and increased similarly during the differentiation. This increase of 63 kDa PKs may be related to the lobulation of the nucleus and the nuclear matrix accompanying the differentiation by RA.
Retinoic acid (RA) induces differentiation of the human promyelocytic leukemia cells (HL-60) into granulocytes (1) . During the differentiation, their nuclear structures are changed dramatically from globular into lobulated shapes (1) .
Numerous studies (1-6) have been performed to elucidate the mechanism by which RA induces HL-60 differentiation. However, the primary events in the change of nuclear shape by RA have not yet been determined.
The cell nuclei contain a complex fibrogranular material which is generally called the nuclear matrix (7). The nuclear matrix probably plays an important role in maintaining the shape and organization of the nucleus. Therefore, the constitut ing proteins of the nuclear matrix might be changed quantitatively and/or quali tatively when HL-60 cells are induced to differentiate by RA. In agreement with this hypothesis, Macfarlane (8) indicated that phosphorylation of some nuclear matrix proteins was increased during the differentiation of HL-60 cells by another chemical inducer, 12-O-tetradecanoyl phorbol-l3-acetate.
In this study, at least seven distinct protein kinase activities have been detected in the nuclear matrix of HL-60 cells using an autophosphorylation method after renaturation of protein kinases in a sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel. Among the protein kinases, 63 kDa kinase activity alone increased by RA treatment.
MATERIALS AND METHODS
Chemicals.
All electrophoresis followed by in situ assay of PK was carried out (Fig. 4) . Four PKs (83, 63, 58, and 46 kDa) observed in Fig. 1 could be detected. In the nuclear matrix prepared after RA treatment for 2 days, 32P incorporation by autophosphorylation of 63 kDa PK was dramatically increased, suggesting that the increased 32P incorporation as shown in Fig. 1 was not a result of increased substrate for 63 kDa PK but that of increased 63 kDa PK itself. Further, two 63 kDa species were detected and their pI were 5.0 and 5.4. These two species of 63 kDa PK increased similarly during the differentiation. 5). Recently, it was proposed that RA, after activation of RA in a CoA-mediated reaction, is covalently bound to hRAR or a closely related protein (15). However, the roles of hRAR in the nuclear function and, possibly, in enhancing some gene expression, have not been clarified.
In the present study, we have confirmed that morphological changes occurred in the nuclear matrix of HL-60 during the differentiation process (Fig. 1) . Since the nuclear matrix, which maintains a structure of chromatin DNA, has a possibility to be a determinant of cell differentiation, it is important to elucidate the changes of proteins associated with the morphological changes of the nuclear matrix.
The activity changes of PKs of HL-60 differentiation by RA have been reported on cAMP-dependent PK (PKA) (16-18) and calcium-activated, phospholipid-dependent PK (PKC) (17, 19, 20) . Elias and Stewart (16) presented that a increase of nuclear PKA by RA was correlated with cell differentiation of HL-60. Masmoudi et al. (21) detected PKC in the rat liver nuclei and pointed out that the nuclear PKC required higher concentration of calcium (3.5mm) than the membrane one. A presence of PKs in the nuclear fraction, notably in the nuclear matrix, was studied, therefore, by an in situ assay of PK after SDS-PAGE. The in situ assay was first adopted by Geahlen et al. (14) to the detection of PKs. This method is very useful for the detection of activity of insoluble proteins, such as the nuclear matrix proteins. Teraoka (13) pointed out that the detection method of PKs we employed here has a disadvantage in quantification. Geahlen (14) and we recognized a good correlation between the amount of PKs and the intensity of radioactive bands as far as they were compared in the same gel (data not shown).
We detected at least six PKs in the nuclear matrix of rat liver (Fig. 2) . Using the same detection method, Ohmura et al. (11) referred to five species (84, 58, 46, 36, and 30kDa) of PKs only in the nuclear matrix of rat liver. Although the PKs detected by us revealed somewhat different molecular weight from those reported by Ohmura et al., the 63 and 38kDa PKs are considered to be newly assigned species, which were detected constantly in the nuclear matrix of HL-60 through the comparison of PKs between HL-60 and rat liver. In addition, the 63kDa PK was also detected in the nuclear matrices of mouse liver, Sarcoma 180, FM3A, HeLa, Molt-4 and so on (data not shown). Therefore the 63kDa PK may be a PK detected generally in the nuclear matrix. When HL-60 was treated with RA, an autophos phorylation of 63kDa PK in prepared nuclear matrix increased day by day. It seems that the increase of phosphorylation is due to the increase of 63kDa PK itself, but the possibility of increased contamination with a cytosol and/or membrane fraction which contains the same molecular weight PK remains clarified. However, such increased contamination of 63kDa PK with the nuclear matrix is unlikely because of the following observations. l) The extent of contamination in the periphery of the nuclear matrix prepared from HL-60 cells was the same before and after treatment of RA as shown in electron micrograph (Fig. 1). 2) Among the PKs, which were detected also in the cytosol and membrane fraction, only 63kDa PK was changed during differentiation but the others such as 58 and 46kDa PKs were not (Fig. 3). 3) The major proteins constituting the nuclear matrix did not change during the differentiation as far as detected by two-dimensional electrophoresis and stained with CBB-R (Fig. 4) 
